A polymerase chain reaction (PCR) assay for confirmation of Mycobacterium avium subsp. paratuberculosis was developed using the primer set derived from ISMav2. The PCR product was 494 base pairs (bp) and could be digested with ClaI, which produced 311-and 183-bp fragments. No amplification of 494-bp DNA fragment was detected from DNA of other Mycobacterium spp., including Mycobacterium avium complex, other bacteria, including Escherichia coli, Pseudomonas aeruginosa, Actinobacillus pleuropneumoniae, Leptospira interrogans serovar pomona, Corynebacterium pseudotuberculosis, Salmonella typhimurium, Borrelia burgdorferi, and Staphylococcus aureus, and the Scedosporium sp. This PCR assay could detect 5-8 genome equivalents.
Paratuberculosis (Johne disease) occurs worldwide as a chronic granulomatous enteritis of domestic and wild ruminants. 15 In North America, Johne disease is widespread in dairy herds. The 1996 US Department of Agriculture National Animal Health Monitoring System study estimated a herd prevalence of 22% based on serology and clinical history with a herd prevalence rate of 40% in larger herds. 38 The economic losses due to this disease are estimated to cost the US dairy industry $200 to $250 million annually. 25 In addition to direct economic losses, premature culling of infected animals reduces the ability to cull for other reasons, such as low productivity or other health problems, and can result in the loss of valuable genetic potential. 32 Mycobacterium avium subsp. paratuberculosis (MAP) shares Ͼ97% genomic homology with M. avium. 1 MAP contains unique insertion sequences, IS900 and ISMav2, which distinguish it from M. avium. 14, 33 Isolation of MAP by culture is considered the definitive test for diagnosis of Johne disease. Fecal culture techniques are generally recognized as the most sensitive and specific antemortem test for MAP infection in cattle. 5, 39 However, culture techniques using solid media require 6-12 weeks to produce a result, and performance varies because of lack of standardization of culture procedures. [20] [21] [22] 31, 39, 40 Liquid media systems (such as BACTEC and Trek ESP) support more rapid growth of MAP. 7, 23, 30 A culture result can be produced in 2-6 weeks using liquid media. 39 However, this method requires confirmation by DNA probes specific for MAP or by subculture onto solid media and identification by routine methods.
Although the polymerase chain reaction (PCR) test based on the IS900 DNA sequence has been frequently applied to confirm the presence of MAP in the culture system, 36 the primer set based on IS900 could detect other Mycobacterium spp. 6 Therefore, a need was identified to find another PCR test that is sensitive and specific and could be used to confirm isolates from liquid or solid culture as MAP. Based on previous findings, the diagnostic potential of ISMav2 was investigated further. 33 This article reports the development of a sensitive and specific PCR test based on ISMav2 that could detect 5-8 genome equivalents and only detected the DNA templates from MAP but not other Mycobacterium spp. tested.
Materials and methods

Culture of MAP from feces
Fecal culture of MAP was performed using the Cornell decontamination method as described previously. 10, 29, 30 Sixty-eight fecal culture samples (65 from cattle, 2 from goats, and 1 from sheep) and 2 fungi (Scedosporium sp.) frequently isolated from contaminated fecal cultures were used in this study. In brief, 2 gm of feces was resuspended in 35 ml of sterilized distilled water in a 50-ml conical-bottom nonsterile plastic tube a and kept at room temperature for 30 min. After that, 5 ml of the upper supernatant was removed and added to 25 ml of 0.9% cetylpyridinium chloride b in half-strength brain heart infusion (BHI) broth solution (18.5 gm of BHI broth c to 981.5 ml of water, sterilized by autoclaving) and incubated for 18-24 hr. After centrifugation (3,000 ϫ g, 30 min), the pellet was resuspended in 1 ml of 50% egg yolk solution (50% of fresh egg yolk in PBS) and inoculated into an ESP Myco bottle containing 7H9 base medium d to which had been added 1 ml of growth supplement e (supplement with 1.2 gm casitone and 2.4 ml glycerin/liter) plus 0.5 ml of antibiotic solution supplement (1/2 BHI containing 100 g/ml of vancomycin, nalidixic acid, and 50 g/ml of amphotericin B). The Trek ESP culture bottles were cultured according to the manufacture's instructions. d
Culture of Mycobacterium spp.
Thirty-four field isolates of MAP previously isolated from fecal samples from diagnostic submissions for fecal culture were used. All other Mycobacterium spp. (Table 1) were cultured onto a slant of the Herrold egg yolk medium without antibiotics at 37 C.
Detection of MAP
Extraction of DNA. To prepare the DNA template from the Trek culture bottles, including the 2 fungi culture (Scedosporium sp.), these bottles were shaken for 45 min at 250 revolutions/min. f An aliquot of 0.5 ml of the culture solution was removed and placed in an Eppendorf tube along with 1 ml of TE buffer. The sample was thoroughly mixed and centrifuged (10,000 ϫ g) for 10 min. The supernatant was discarded, and the pellet was washed 1 more time with 1 ml of TE buffer. Extraction of DNA using DNeasy tissue kit g was performed according to the manufacturer's recommendation except that the DNA was eluted with only 100 l of elution buffer. To prepare the DNA from slants, procedures were followed as described previously. 37 Amplification of DNA. Based on the DNA sequence of ISMav2 (GenBank accession: AF286339), 33 a primer set (ISMav2-F, 5Ј-GTGAGTTGTCCGCATCAGAT-3Ј, and ISMavB2, 5Ј-GCATCAAAGAGCACCTCGAC-3Ј) was designed to amplify a 494-base pair (bp) fragment of ISMav2 sequence. The primer sets for IS900 and IS901 have been described previously. 24, 36 IS900 primers were IS900/150C, 5Ј-CCGCTAATTGAGAGATGCGATTGG-3Ј, and IS900/ 921, 5Ј-AATCAACTCCAGCAGCGCGGCCTCG-3Ј, to amplify a 229-bp fragment. IS901 primers were IS901/ MK7, 5Ј-GTCTGGGATTGGATGTCCTG-3Ј, and IS901/ MK8, 5Ј-CACCACGTGGTTAGCAATCC-3Ј, to amplify a 378-bp fragment. For amplification, an aliquot (5 l) of the DNA samples was added to 45 l of PCR mixture containing of 10 mM Tris-HCl (pH 8.8), 1.5 mM MgCl 2 , 50 mM KCl, 0.25 mM (each) of deoxynucleoside triphosphates, 10 pmol of each primer, and 0.625 U of Taq polymerase j (BRL). After an initial denaturation step (4 min at 94 C), 35 cycles of amplification were performed as follows: denaturation at 94 C for 30 sec, annealing at 50 C for 60 sec, and DNA extension at 72 C for 60 sec. A final extension was performed at 72 C for 7 min. Amplification was carried out in a DNA 9700 thermocycler. h After amplification, PCR products were separated on a 1.5% agarose gel. The gels were stained for 30 min in ethidium bromide (0.15 g/ml) in the electrophoresis buffer, rinsed in distilled water, and photographed under short-wave UV light.
Restriction enzyme digestion. The PCR product was subjected to ClaI digestion (2 hr at 37 C).
Results
Development of a specific and sensitive PCR for confirmation of MAP.
Based on the DNA sequence of ISMav2, a primer set has been designed for use in a PCR analytical specificity and sensitivity test. To test sensitivity, 34 field strains of MAP previously isolated from fecal samples from diagnostic submissions for Johne fecal culture were checked. All were IS900 (229 bp) and ISMav2 (494 bp) positive ( Fig. 1A) and IS901 negative (data not shown). The DNA isolated from a MAP American Type Culture Collection (ATCC) 19698 was used as a positive control. The IS901-negative results indicated that none of the 34 MAP strains tested were M. avium subsp. avium. The PCR-amplified DNA fragment using the ISMav2 primer set and the MAP template DNA could be digested with ClaI, and 311-and 183-bp fragments were produced as expected (Fig. 1B) . For analytical specificity, 14 isolates of other Mycobacterium spp. with primer sets of IS900, ISMav2, and IS901 were checked. All were negative with the 3 sets of primers (data not shown). Twenty-four field isolates of M. avium complex i were checked with IS900 and ISMav2 primer sets; all were negative with both primers sets, but 20 isolates were positive with the IS901 primer set and 4 were negative (data not shown). There was no amplification of the 494-bp DNA fragment from Actinobacillus pleuropneuminae, Borrelia burgdorferi, Corynebacterium pseudotuberculosis, Escherichia coli ATCC 2592, Staphylococcus aureus, Pseudomonas aeruginosa, Salmonella typhimurium, Leptospira interrogans serovar pomona, and Scedosporium spp. (data not shown). To determine the sensitivity of the PCR assay, purified MAP DNAs were serially diluted from 600 to 5 copies and amplified. The new ISMav2 primer set could detect approximately 5-8 genome equivalents (Fig. 2) .
Confirmation of MAP from liquid media fecal culture. The liquid media culture system II has been adapted for Johne culture to detect MAP from feces. 30 However, because Mycobacterium spp. other than MAP could also potentially grow, it is essential to confirm that the acid-fast isolates are MAP. Sixty-eight fecal culture samples (65 from cattle, 2 from goats, and 1 from sheep) and 2 fungi (Scedosporium sp.) frequently isolated from contaminated fecal cultures were used in this study. Among the 65 cattle fecal culture samples, 56 were positive for acid-fast-staining bacteria and 9 were negative. Of the 56 culture-positive samples, only 53 were PCR positive using both IS900 and ISMav2 primer sets. One of the negative cultures was also PCR positive using both IS900 and ISMav2. All were PCR negative using IS901 primer set (Fig.  3) . The other 2 goats and 1 sheep fecal cultures were PCR positive using IS900 and ISMav2 primer sets and negative using the IS901 primer set. Three of the culture-positive samples yielding acid-fast-positive bacilli were PCR negative using IS900, ISMav2, and IS901 primer sets. The 2 fungi cultures were also PCR negative using IS900, ISMav2, and IS901 primer sets.
Discussion
On dairy farms, interest in Johne disease control has increased as the cost of this infection becomes more apparent. MAP has been suggested to cause Crohn disease in people. 9, 11, 12, [16] [17] [18] [26] [27] [28] 34 However, this issue is highly controversial and others report that this bacterium cannot be detected in specimens obtained from Crohn disease patients. 3, 35 Further studies are needed to resolve the question of the zoonotic potential of MAP. Recently, the Trek culture system to culture MAP from cattle feces has been used in the Animal Health Diagnostic Laboratory at Cornell University. 30 The liquid media culture system, like other liquid media systems, can grow other Mycobacterium spp. Without using observations such as colony morphology and mycobactin dependence, a confirmatory test for MAP is needed for liquid media systems. In the past, several PCR tests or DNA probes have been developed 4, 8, 13, 19, 36 ; however, a specific and sensitive PCR is still needed for the quick confirmation of MAP in fecal culture system because it has been reported that the primer set based on IS900 could also detect other Mycobacterium spp. 6 A PCR test based on the primer set derived from ISMav2 was developed, 33 and it was able to detect 5-8 genome equivalents. The ISMav2 PCR test is also specific because it detected only MAP isolates. It has been reported that the number of copies of IS900 is 14-18, whereas there are approximately 3 copies of ISMav2 in MAP. 2, 33 The primer set derived from IS-Mav2 used in this study did not amplify the 494-bp PCR products from other Mycobacterium spp. tested. However, this conclusion must be viewed cautiously because only 1 strain from some Mycobacterium spp. and other bacteria were examined (Table 1) . Two samples of Scedosporium spp., which was the most common fungus contamination in the fecal culture system, were checked with negative results.
Restriction enzyme (ClaI) digestion of the PCR product, which produced 311-and 183-bp fragments, was used to confirm the PCR product. Although it is generally required to use DNA hybridization probes to prove the presence of the correct PCR product, the restriction enzyme digestion to 2 unique bands would serve as a proof of the correct PCR product. The use of DNA hybridization probes is tedious, labor extensive, and expensive. Therefore, it will be easier for routine confirmation of the correct PCR products by restriction enzyme digestion. The Trek culture system is more sensitive and more rapid than the traditional Cornell culture method for MAP culture using Herrold egg yolk media. 30 Growth of acid-fast bacilli with typical growth curves is detected in 10-35 days from cattle feces using liquid culture methods. The combination of liquid culture techniques with a confirmatory PCR test will facilitate more rapid identification of MAP-positive animals and thus allow the option of culling animals shedding high number of MAP in the farm environment. This ability to identify shedders and reduce the contamination of MAP on the farm will eventually help to reduce infection rates and economic losses due to Johne disease. In conclusion, this PCR test using the designed IS-Mav2 primers could be an alternative method to that using IS900 primers and is useful as a tool for confirmation of MAP culture.
